SUMMARY Immunoreactive proteoglycans (iPGs) and sulphated glycosaminoglycans (GAGs) were assayed in synovial fluid obtained from 22 patients with osteoarthritis (OA), 21 with rheumatoid arthritis (RA), 13 with gout, and five with Reiter's syndrome. A strong positive linear correlation was observed between concentrations of sulphated GAGs and iPGs in RA (r=0-95) and gout (r=0-94). A linear correlation was also observed in OA (r=0O65). Patients with gout and Reiter's syndrome had significantly higher concentrations of sulphated GAGs and iPGs than patients with OA or RA. Patients with gout also had significantly higher total quantities of sulphated GAGs and iPGs in the knee joint cavity than patients with OA or RA. In all four diseases similar profiles were observed when comparisons were made between the total quantities and concentrations of sulphated GAGs and iPGs in synovial fluid. These results indicate that the observed differences in concentrations are not simply a function of dilution. The concentrations of sulphated GAGs and iPGs did not correlate closely with the type or number of inflammatory cells in the synovial fluid. Considerable variation was noted in the sulphated GAG/iPG ratios, suggesting that different mechanisms may be contributing to the release of proteoglycans in the diseases studied.
disease, and studies of cartilage explants have shown that loss of proteo,glycans is an early feature of matrix resorption.4-Recently, a number of investigators have reported the presence of GAGs and proteoglycans in synovial fluid.f'3 These molecules can be measured by immunochemical methods. It should be noted that this approach relies upon the conservation of antibody binding sites, which cannot be guaranteed in inflamed joints where proteolytic enzymes are likely to be active. An alternative approach involves the measurement of sulphated GAGs, which are less susceptible to degradation. In this study immunoreactive proteoglycans (iPGs) and sulphated GAGs have been measured in four rheumatic diseases. The respective methods are compared and the results are related to the nature and intensity of the inflammatory cell infiltrate.
Materials and methods

MATERIALS
Na125I ( chloride added so that its concentration remained at 4 mol/l. The solution was then subjected to density gradient centrifugation at 110C for 48 hours at 33 000 rpm in a Beckman L8-80 ultracentrifuge. The gradient was fractionated and the fractions assayed for sulphated GAGs and absorbance at 280 nm. The highest buoyant density fractions containing most of the proteoglycan subunit were pooled, exhaustively dialysed against water at 4°C, and then freeze dried.
SEPHAROSE CHROMATOGRAPHY
Proteoglycan was dissolved in 0*5 M sodium acetate pH 6*8 at a concentration of 0-5 g/l and then subjected to chromatography on Sepharose CL-2B. Samples (1 ml) were applied to the column (90x0-67 cm), which was equilibrated and eluted with 0-5 M sodium acetate pH 6-8. The void volume of the column was determined by the elution of human proteoglycan aggregate and the total volume by elution of human proteoglycan which had been digested with papain. Chromatography was performed by downward elution at room temperature with a flow of 6 ml/h. Fractions (0.5 ml) were collected and assayed for sulphated GAGs.
ASSAY FOR TOTAL SULPHATED GAGs
Total sulphated GAGs were assayed spectrophotometrically using the method of Farndale et al and the modifications previously described. 10' 19 Samples of synovial fluid (0.5 ml) were diluted to 5 ml in 50 mM phosphate buffer pH 7, and 0-1 ml was transferred in duplicate to polystyrene tubes. A further 0-1 ml of the same buffer containing Nacetylcysteine, final concentration 2 mmol/l, and papain 0.13 units was added, and the tubes were capped and mixed. The samples were then incubated at 65°C for two hours. After digestion the papain was inactivated with iodoacetic acid, final concentration 4 mmol/l, and the NaCl concentration of the digest was adjusted to 0-5 mol/l in a final volume of 0-25 ml. Dimethylmethylene blue dye reagent (2.5 The data were analysed statistically to determine whether the concentrations varied significantly (at the 95% confidence level) with respect to the disease group (Student's t test, two way analysis of variance). The degree of correlation between the two diffent types of assay and between leucocyte numbers and iPG and sulphated GAG concentrations was determined by regression analysis using the method of least squares.
Proteoglycans in synovial fluid 19 osteoarthritis (OA) and RA. The results in these two diseases were combined for this analysis. Figure  2 shows that neither the concentrations of sulphated GAGs nor those of iPGs are related closely to age. Table 2 shows the concentrations of iPGs and total sulphated GAGs together with the volume of 
CONCENTRATIONS OF iPGs
Results
CORRELATION BETWEEN THE ASSAYS
To compare the assays for sulphated GAGs and iPGs proteoglycan monomer purified from five different specimens of human articular cartilage was assayed by both methods over a broad range of concentrations. Five samples of normal synovial fluid were also assayed. A strong linear relation was observed between the results obtained with these methods for both the purified cartilage proteoglycans (r=0.974) and the normal synovia (r= 0.995). These results are consistent with detection of the same analyte. The sulphated GAG/iPG ratio was determined in each specimen of purified proteoglycans (Table 1) and in the samples of normal synovial fluid (Fig. 1) . The ratios ranged from 1-00 to 1-64 (mean 1-24) in the specimens of purified proteoglycans and 0-95 to 1.01 (mean 0-98) in the normal synovial fluid. The high degree of consistency in the results obtained for the normal synovia may be due to the presence of a relatively homogeneous population of proteoglycans in normal joint fluid.
AGE AND CONCENTRATIONS OF iPGs AND SULPHATED GAGs
The four diseases selected for study tend to affect different age groups. Whether age itself has an effect on the nature or concentration of proteoglycans in the synovial fluid is unclear. To examine this possibility the concentrations of sulphated GAGs and iPGs were evaluated in patients with OA (p<0-001) . The values in gout were also significantly higher than in RA (p<O-Ol) and OA (p<0-001). Significant differences were not observed between OA and RA or Reiter's syndrome and gout.
TOTAL iPGs IN THE JOINT CAVITY
A very similar distribution of results was obtained when the total quantity of iPGs in the joint cavity was determined in the four diseases under study. Total iPGs were found to be highest in the joints of patients with Reiter's syndrome and gout. The iPG content of the joints in patients with Reiter's syndrome was significantly higher than that in patients with OA (p<0002) and RA (p<0-05). The iPG content in the joints of patients with gout was also significantly higher than in patients with OA (p<0002) and RA (p<0-02). No significant difference was observed between OA and RA or gout and Reiter's syndrome.
CONCENTRATIONS OF SULPHATED GAGs
Concentrations of sulphated GAGs were found to be highest in gout and Reiter's syndrome as was the case for iPGs. In Reiter's syndrome the sulphated GAG concentrations were significantly higher than those in OA (p<0-001) and RA (p<0-01). Sulphated GAG concentrations in gout were also significantly higher than those in OA (p<0-001) and RA (p<O-OOl). Significant differences were not observed between OA and RA or between gout and Reiter's syndrome.
TOTAL QUANTITY OF SULPHATED GAGs IN THE JOINT CAVITY
The total quantity of sulphated GAGs was found to be significantly higher in gout than in RA (p<0-05) and OA (p<0-01), but not Reiter's syndrome. In RA and Reiter's syndrome the total quantity of sulphated GAGs was significantly higher than in OA (p<005). No significant difference was observed between Reiter's syndrome and RA. The distribution of results observed for total iPGs and total sulphated GAGs was very similar.
RATIO OF SULPHATED GAGs TO iPGs
The ratio sulphated GAG/iPG was determined for each of the diseases studied and compared with that obtained for normal synovial fluid (Fig. 1) 'Sulphated GAGS xi -2 (gg/ml) group.bmj.com on June 25, 2017 -Published by http://ard.bmj.com/ Downloaded from (p<002) and gout (p<0-001). Likewise, the ratio for Reiter's syndrome was significantly lower than that for OA (p<0002) and gout (p<0001). In normal synovial fluid the ratio sulphated GAG/iPG was found to approximate unity closely and there was very little dispersion among the five results. These findings suggest the presence of a population of proteoglycans in which the hyaluronic acid binding region is highly conserved. Such a population may represent monomers which have been secreted by the articular chondrocytes but not incorporated into the cartilage matrix.
RELATION BETWEEN TOTAL SULPHATED GAGs AND iPG CONCENTRATIONS
The degree of correlation between the concentrations of total sulphated GAGs and iPGs was determined for each of the diagnostic categories. Figure 3 shows the results for RA, OA, and gout. A strong positive linear correlation was observed in gout (r=0-941). A good linear correlation was also observed in RA (r=0.947) and OA (r=0*646). A Sixteen of the 21 patients with RA had knee radiographs which met the inclusion criteria. An analysis of the x rays showed Larsen-Dale indices ranging from 0 to 3 with a median index of 2. As the number of patients in each grade was small patients with grades 0 or 1 and 2 or 3 were pooled to allow comparison between those with trivial or no loss of cartilage and those with mild or moderate cartilage loss. Table 4 gives the results of this analysis. It can be seen that the concentrations of sulphated GAGs and iPGs did not differ between the two groups. A trend towards higher total quantities of sulphated
GAGs and iPGs was observed in the group with grade 2 or 3 radiographs. This finding reflects differences in effusion volume, which were not statistically significant. A higher mean sulphated GAG/iPG ratio was observed in the patients with more severe RA, but this difference also was not statistically significant.
Discussion
It is clear from recent studies that proteoglycans can be readily detected in arthritic joint synovia. [8] [9] [10] [11] [12] In some diseases these proteogiycans have already been partially characterised.6 6i 12 Most, if not all, of the proteoglycans in synovial fluid are considered likely to be cartilaginous in origin as their hydrodynamic size is consistent and they react with cartilage specific antisera, including monoclonal antibodies which react with keratan sulphate related epitopes. It should be noted, however, that synovial tissue is also capable of producing proteoglycans. [22] [23] [24] In this study two different types of assay were used to measure cartilage degradation products in synovial fluid. The modified dimethylmethylene blue assay was used to measure sulphated GAGs and a radioimmunoassay was used to measure immunoreactive cartilage proteoglycans. Sulphated GAGs are neither restricted to proteoglycans nor specific for cartilage, but they are relatively stable in synovial fluid and it is considered unlikely that they undergo significant degradation when proteoglycans are released from cartilage. In contrast, proteolysis is likely to occur during the release of bound proteoglycan monomers from cartilage and further degradation may also occur in the synovial fluid. It is therefore possible that in some instances critical epitopes may be destroyed, hindering detection.
The antiserum used for the radioimmunoassay contains antibodies directed against the hyaluronic acid binding region of intact proteoglycan monomers and is therefore capable of recognising intact monomers and fragments in which the hyaluronic acid binding region has been conserved, but not cleaved fragments which do not contain such a region.21 The antibodies also vary in their affinity for proteoglycans depending upon whether the molecules are bound to hyaluronic acid.25 Bound proteoglycans are preferentially recognised. In view of these limitations the antiserum is not ideal for accurate measurement of proteoglycans in synovial fluid. As it is specific for the hyaluronic acid binding region, however, it is likely to recognise proteoglycans derived from articular cartilage.
In gout and Reiter's syndrome the concentrations of sulphated GAGs and iPGs were found to be significantly higher than in OA and RA. Similar differences were evident when comparisons were made for the total quantities of sulphated GAGs and iPGs in the four disease groups. These In gout a strong correlation was observed between sulphated GAGs and iPGs. Moreover, there was very little variation in the sulphated GAG/iPG ratio. These results imply strong conservation of the structural relation between the sulphated GAGs and the hyaluronic acid binding region of the proteoglycans in gouty synovial fluid. In OA and RA the variation in the sulphated GAG/iPG ratio and poorer correlation between the sulphated GAG and iPG concentrations indicate greater heterogeneity among the synovial fluid proteoglycans in these diseases. It is of interest that in RA the sulphated GAG/iPG ratio was significantly higher than in normal synovial fluid and the other diseases studied. The ratio was also significantly higher than that obtained for the intact proteoglycan monomers prepared from normal human articular cartilage. Gysen et al have shown that there is a high proportion of small proteoglycan fragments in rheumatoid synovia,26 and more recently Witter et al have demonstrated highly disperse populations of proteoglycan fragments in RA synovial fluid.12 In the latter study some of the proteoglycan fragments contained hyaluronic acid binding region epitopes, whereas others rich in keratan sulphate did not. These findings suggest that different catabolic mechanisms may be operating in the diseases studied. More detailed examination of the nature of the proteoglycan molecules in normal and pathological synovial fluid could help to elucidate these mechanisms further. 
